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FiPiri nfthe Invention 

The present invention relates to human physiology, and in particular to a 
method and system of biofeedback allowing a human subject to consciously 
control physiological processes, more particularly, rt allows a human subject 
to achieve synchronization of one's breathing cycle with one's natural heart 
rate cycle. 

ppr.kqmiind of the Invention 

The human heart is known to have its own nervous system and its own 
natural tendency toward rhythm. For purposes of this invention, there are two 
primary aspects to this rtiythm. the heartbeat rate, and the rate at which the 
heartbeat rate changes otherwise known as heart rate variability. Heartbeat 
rate is usually specified in absolute number of heartbeats occurring during a 
specified period. Heartbeat rate variability, othenwse know as heart rate 
variability is the change in heartbeat rate as occurs during a specified period. 
Henceforth, heartbeat rate variability will be referred to as heart rate 
variability. 

While the heart has its own tendency toward rhythm, it is closely coupled to 
20 breathing. The relationship is such that as inhalation occurs, the heartbeat 
rate tends to increase and as exhalation occurs, the heartbeat rate tends to 
decrease. It Is important to note that while the heartbeat rate and breathing 
rate influence each other, the relationship is an asynchronous one. that is. 
they are independent rtiythms that influence but do not directly control each 
25 other. 

It is generally recognized that heart rate variability is an indicator of 
physiological and emotional state, that is. irregular incoherent heart rate 
variability indicates a condition of physiological/psychological stress. 
30 Alternatively, highly coherent heart rate variability is indicative of a condition of 
physiological/psychological harmony. 

Accordingly, it is highly desirable to achieve and maintain a highly coherent 
heart rate variability as life circumstances pemilt This having been said, with 
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proper UBin.ngand«eapp.ica«ono,*emett,od and apparat^cme^ 
Len«on,»ispossibteforahumansubie«to.ap*ach,eveme<les,,^ 
state of high coherBHce of heart rate variability and to montor and r«nfo,ce 
tt« accuracy and partdnnance of said coherent on an ongoir^ bas«. 

The pmsent invention tal<es advantage of the relationship between the 
b-eathingcyde and the natura. hear, rate vahabiiitycycletobni^h^rt^ 
variabiisytothedesi^d state of coherence and the human subieotto^ 

resuitantstateofphystoiogicaiandemosonalhannony. H'-'^'^*^ 
Via conscious synch^nizatton of the breathing cyde with the nauira. heart 

rate variability cycle. 



Q . immarv of th e Invention 

spl^tted in tennsof heart .tevariabiiity.and^^e breathing cyde.Wh,,e^^ 
Irt has «sownter^.owa«.anatura,va.ab,ert,ythn,, there ,sas^ 
,^,a«on*breathingaccort«ngtoth«specir.re,atic.sh,p:as — 
occurs, there isatendencyforthe heartbeat .ateto increase, asexhaiat^n 
oc„u.,«,ereisa.endency.or,heheartboatrete*,decrease.,t«^ 
,0 note that the relatonship between the natural heart rate vanab..*y cvde 

andthebreathlngcycleisindlrect mat while *eh^rtrete 

vanabilfty cyde*rea«,ing cyde relaflcmship exists, in untretned 
Lignnlappea^h^h^rendon,. Cons«,uen«y, these san» subj^ exh,b* 
ah,ghlyincoherentheartreteva,iabilhypa«em.Aspreviouslys.ated, 
25 Jmalcoherenceoftheheartretevariabil^yisad^levedwhenthec^eo^ 
breamin9issynd,ronizedwtththena*iralheartvanabi,i.ycyde,n.meand 
arJe.Then,os.direc.anda«^«ven«n,»rofachievi„g.hisa,«nn«nt 
is for the human subiect to consdously align them via biofeedba*,,.e., 

present the human suttee, with a bioleedbad. signal that indicates exadly 
30 lntoinhateandexad.ywhentoexha,esud,.ha,.hebreathingc^.e 
ad^ievesexacsngal^mentwiththenatuml heart .ate vanab,l,ty ^^^^^^ 
presan,inven«onad,ievesthisbyasserti^a..o.eedbadcs«na.toexhate 

ius. after the peaR posftive heartbeat .ate has been reaped anda 
biofaedba^sSnal to inhaleiust after the peaKnegabve heartbeat rete has 



15 



20 



3 



10 



15 



been reached. Closely aligning the natural heart rate peaks with breathing 
peaks is ertScal to achieving an overall synchmnization and resulting high 
degree of coherence of the heart rate variability pattern. 

For purposes of the present invention, we can consider the cydes of heart 
rate variability, the periodicity of increasing and decreasing of Keartbeatrate^ 
and the breathing cycle, the periodidty of inhalation and exhalation, to be two 
independent cydes as depicted in FIGURE 1 The relative synd,-on,zat»n of 
mesecycles can vary between 0 and 180 degrees. When mese cycles are 
completely out of phase, heart rate variability is maximally incoherent, when 
tt,ese cydes are completely in phase heart rate variability is maximally 
coherent. 

The inventton defines the system and method of the appfKatton of 
btofeedba* for purposes of providing a human sullied the abilrty to 
consdously control their inhalation and exhalation so as to adiieve the 
.tesired coherence of heart rate variabiUty. A present objedh-e is to acl^eve 
maximal alignment. AS this is an emerging field of inquiiy. rtis entirely lik^y 
that applications of value will be found fbr other alignments, fbrexampte 
„«ximal m-i^lignment, 45 degree out of phase, ete. It is understood that 
««se alternative alignments are also within the scope of the present 
invention. 

Because the heart rate variability signal of the untrained subjed is typically 
highly erratic and synd„ony of said s^nalnr«y be dfflcult te dated, a speafic 
instrudive method employing other biofeedba* devices and methods ,s 
spedfied. V^a the application of this instrudhte method, the human subject « 
led to adiieveadetedable level of syndirony of their heart rate variabiiny 

^ ranfiiht iised to achlev 



20 



25 



30 



led to achieve a aexeciduic iov«. , 

signal, once deteded, the p^ent invention can be readily used to a*,eve 
optimal alignment of the subjeof s breathing cyde «.h their natural heart rate 



variability cycle. 
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rwjwion of the Dra wing Fiflur^ 

,pecl(ica«on illustrate several aspects of a>einven«on, and togetherwrth the 

descnption sen/e to explain the principles of the invention. 
5 RGUREI depicts1heralative-elationshlpl»*«eenthenaturalheartrate 

cycle and breathing cycle. 

FIGURE 2 depicts the natural heari rate cyde and iKeathing oyde nnoving 
from mi«l*na«ntto alignment and rasultantheartratevariabiiity pattern^ 
FIGURE 3 depws a primary exam^e of the moment of bbleedback s,gnal 
,0 generation according to a prafeaed embodiment of the prasent inventon. 
FIGURE 4 depicts specific criterion fOr bioleedbacl. signal generation 
asscdated with the primal example Of the mon^nt of biofeedbacK Signal 

generation of FIGURE 3. 

FIGURE 5 depicts the physical system of the praferrad embodiment of the 

15 oresent invention. 

FlGUREedepfcts the algorithm for the preferred emtodiment of the preser* 

invention. 

p..,,i^ n^rrintion nf tho P rHtwM Fri'lyxliriienl^ 

The embodiments set forth below raprasent the nec«ssan, ir,.om«fon to 

20 enable those skilled in the art to pracUce the invention and illustrate the b^t 
™deof praCidng the invention. Upon reading the tWk^ing descnp^on ,n 
lightof theaccompanying drawing figures, those skilled intheartwil 
underatand the concepts of the inventton and will .ecogn^e aPPl«^or«^ 
meseconceptsnotparticulariyaddrassedherain. « shouW be understood 

25 thattheseconceptsandappucatk^^faawithinthescopeofthedisdosura 
and the accompanying Claims. 

The present invenfion allows a human subject to achieve maximal ragula^ty 
and coherence of heart rate variabil«y by synch«.nizing .he braathN. cycle 
«itt„he naturalheart rate variability cyde. This is acc^nplished^pro^ding 

30 a bk*»dba*signal in me fbm, of an audible, visual, or sensory stmulus, to 
indfcatewhenthesubjectshouldbeginlnhalationandasecondsignalto 

ind^ewhen«,esubiectshouldbeginexhala«on.Thesesignas^21 
so the subject is able to deartydislinBuish the beginning of inhalatKHi from the 

beginning of exhalation. 
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Wm reference to FIGURE 1 , the heart has «s own nen/ous system and a 
tendency towart its <Mn natural mythm. Figure 1 depicts the heart mte 
variability cyde, 101 . and the breathing cycle, 102. The posit«e peak of the 
heart rate vadability cyde, 103, indicates peak positive heart rate or the 
maximumnumberotheartbeatsperminute. For the purposes of dtecuss,on 
the peak positive rhythm is defined as 80 beat per minute (BPM). The 
negative peak of the heart rate vahability cyde, 104, indicates peak negative 
heart rate or the minimum number of heart beats per minute. For the 
purposes of discussion the peak positive rt,ythm is defined as 50 beat per 
minute (BPM). Ut rt be dear that 80 beats per minute as the positive peak 
and 50 beats per minute as the negative peak are merely used for purposes 
Of example. The breath is under central of the human cent,^ nenrous system 
and operates with a lamely independent rhythm. Ye^ there is a Strang 
conelation between the breath cycte and the natural heart rate vartabilrty cyde 
15 as described prior. 

FIGURE 2 deptals the breathing cyde 201 and the natural heart rate cyde 
202 moving frammisalignmentto alignment and the resultant heart i^le 

variability cyde 203 moving fram incoherence 204 to coherence 205. The 
syndiranybetweenthenatumlheartiatevariabilitycydeandthecydeof 

b-eathing Is highly variable mnging fram being highly syndiranous On-phase) 
to being highly asyndiranous (out of phase). This results in a highly penodK= 
and coherentheartrale variability pattem 205 vs. a highly aperiodic and 
incoheient heart rate variability pattern 204, respectively. Apriman, yet not 

limiting applkationofthe present invention is to lead ahuman subject to the 
25 preferredstateofhighlyperiodicandcoherentheartmtevariabilitybothin 

time and amplitude. 

FIGURE 3, depicts the natural heart rate cyde and the moments of 
biofeedbad< signal generation indicating exhalation 301 and inhalation 302. 
The desired state of highly periodic and coherent heart rate variability is 
30 braughtaboutbyalignlngtiiecydeofbreathingwithtirenaturalheartrate 

cyde This is accomplished by monitoring tt« heart rate signal and praviding 
biofeedba*tothehumansubjedsoastoall««thesu«ecttosynd,ranize 
thelririhalationandexhalationsoastobeinphasewitiitheirheartrate 
pattern. This requires that the human subjec* begin inhaling as the natural 
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heart rate signal begins increasing from its negative peaK, and converady, to 
begin exhaling as the natural heart rate begins decraasing from its posrt«e 

peak. ^ . 

,» Should be noted that ttor purposes of biofeedba* generation, the exact 

5 momentofalertingoccuraslightlyafterthepositiveandnegativepeaksara 
reached. This will be explained in greater detail below. 
It must be further explained that while FIGURE 3 depicts the primary 
application of the present invention, that being the maximal alignment of the 
heart rate variability cycle and the breathing cyde, all other alignments are 

10 alsoprovidedfbrandarawithinthesoopeofthepresentinventKMi. 

FIGURE 4 depicts the exacting means of identifying positive and negative 
heart rate peaks. W,th reference to FIGURE 4, inorderto adrieve maximal 
desired effect, it is necessary to achieve a very exacting timing. Herertis 
15 importanttopointoutthatviabiofeedback,thehumansul<ecti»tra.nedto 
identify the su«ective state and associated sensation that relates to maximal 
alignment If the human subject begins either inhaling or exhaling just slightly 
before the natural heart rate begins to increase or decrease -espectively.the 

periodicity and coherence of the resulting heart rate variability pattern .s 
20 significanfly degraded. This subopSmalcoherance of heart rate variability can 
be consciously perceived by the practiUoner. To address this matter of 
accuracy, in this example, the -exhale" biofeedback signal is generated ,ust 
after the posiBve peak, in this case 80 beats per minute (BPM), when the 
signal drops to 79 beats per minute (BPM) 401 . Likewise, the -inhale" 
25 biofeedback signal is generated just alter the negative peak, in this case 50 
beats per minute (BPM). when the signal increases to 51 beats per minute 
(BPM) 402 Because, in order to achieve the desired maximal effect this 
flming must be exacting, the present invention altows for the exact moment of 
btofeedback to be adjusted so that timing may be optimized on a personal 
30 basis Thiswouldallowfbrslightlydifferinophysiologlesifsuchdifferences 
are ibund to exist. Programmabilily of biofeedback s^nal generatton is also 
provided to accommodate other useful alignments of the natural heart rate 
cycle and breathing cycle should such useful alignments be found to exist 
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With reference to FIGURE 5, the primary physical system of the preferred 
embodlmemof the present invention Is quite simple consisting of a human 
subject 500, a pulse sensor of adequate accuracy 502, a pulse monitor of 
adequate accuracy 504, a positive and negative peak rate detector 507, a 
function for setting feedl»ck criterion and comparing it 509, and a function for 
generating feedback signals to the human subject 512. 
Adetailed discusston of the physical system will now ensue. Human subject 
500 is outfitted with a pulse sensor 502 of any adequately accurate variety, 
via connection 501. Sensor 502 and associated connection 501 may be of 
any adequately accurate type including electronic, pneumatic, acoustic, etc. 
The sensor may be any style of devk» such asawristband,aflnger cradle, 

an ear clip, etc. The only requirement is that it be able to accurately sense 
and transmit individual heart beat pulses to pulse monitor 504 via connection 
503 Connection 503 may also be of any adequately perfbnirang type 
including electrento, pneumatic, acoustic, optfcal, radio frequency, etc. Pulse 
monitor 504 monitora -eal time rate and count Heartbeat count is used as an 
altemative means of feedback lor purposes of allowing the human subject ID 

synchronize their breathing based on heartbeat count as opposed to a 
predetemiined threshoM. For example, instead of using the inhale/exhale 
signal as the basis of controlling the breathing cycle, a human sul)pct may 
desire to count 1.2-3-1-5^-begin exhaling-1-2-3-t^begin inhaling, etc 
Pube monitor 504 sends this infomiatton to positive and negative peak rate 
detector 507 via connector 505 and to feedback and criteria settings and 
comparator 509. Positive and negative peak rate detector 507 detects when 
i peak pulse rate occurs, and signals to feedback Criteria settings and 

comparator 509 via connector 508 that, a) peak pulse rate has occurred and 
b) the value of the peak pulse rate. Based on the receipt of the peak pulse 
rate signal via connector 508, criteria settings and comparator 509, begins 
comparing peak pulse rate vs. present pulse rate against previously 
0 established setBngs to detemiine the moment when the biofeedback signal 
associated with the positive peak or negative peak should be asserted to 
audible, visual, or sensory stimulus function 512, via connectors 510 and 51 1 , 
510 relatingtopositive peak and 511 relating to negative peak. Upon receipt 
of positive peak signal via connector 510. audible, visual, or sensoof stimulus 
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generator512,gene.atesablofeedback signal to human subiec. 500 v,a 

positive peakconnector 514 indicating exhale. Likewise, upon receipt of 
negative peak Signal via oonnector511,audible,visual,orsensonr stimulus 
generator512,generatesal«ofeedback^gnal to human subject 500 via 
negasve peak connector 51 3 indfcating "inhate". This system appltes to any 
adequately accunate analog or d^lal method of sensing, measuring, deasion 
making, and feedback generation. ProgrammaWlSy of bio.^ s.gnal 
generation occurs on the basis of peak positive and peak negative heart beat 
rates and on the basis of peak positive and peak negative heart beat rates 

plus respective offsets. Programmable offsets are provided on the basrs of 
Represent heart beat rate asapercentage of the peak heart beat rate, on *e 
basisofthepresent heart bea.ra.evs,peakheart beat rate, on «,e basrs Of 
tt» absolute number of heart beats since peak heart beat rate, and on the 
basis of individual heart beats. Unique programmability applies to posrtve 
negative peaks, that is. Id exhalation and inhalation phases, respectrvely. 

WrthrefferencetoFIGURE6,fbrclarity,thealgorithmofthepreferred 
embodiment Of the present invention Shall now be discussed . The h^r*eat 

rate of a human subject 600 is sensed via sensor 602 via connector 60 . 
, Sensor602detectstheheartbeatrateandt,ansmrtsitsanak.gordrgrta 

equiv^^t with adequate accuracy to monitor 604 via connector 603. Mentor 
604 derives the real time heartbeat rate, heartbeat count, and transmrts rts 
analog or d^«ai equiv^ent to peak rate detector 607 and ^'^^ 
comparatorfunctkxten via connectors 605 and 606 respectrveV Peak rate 
detector 607 detemrines the exact moment of peak rate by anal>«ing 
present rate tor maximum positive rate minus 1 heart beat per mrnute (BPM) 
and ma>dmumnega«ve rate pluslheartbeat per minute (BPM) for pr^rtwe 

and nega«ve peaks respectively. At the moment of detection, P^-^ 
detector 607 sends the rate 608 andatlag 609 to the settings and comparator 

function612. Upon receipt of the flag 609, the settings and corinparator 
funcson 612 begins comparing manual settings 610 v^ 61 1 »«th the p^ rate 
608vs.p.esentra1e606. when the threshoW is achieved, settings and 
comparator funcaon 612 sends a positive peakthreshold signal 613 or a 
negative peak threshoM signal 614 to audible, visual, or sensory sSmulus 
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aenerator615. This threshold is totally programmable and may be 
programmed in: a, number 0, heartbeats or,b)pemen.ofpeaK rate. Uf«« 
Zp^audibte,visu^, or sensor s«mu,usgenera.or615genera.esa.gnal 
toexhale617orsignaltoinha,e616respecttvely.Thisp.ogrammaW^^ 
5 providedft.rbothposi«veandnegativepea.s.Thisistosay^that^ 
associated with the posiSvapeaKandwi., beginning exhalat^ an^*^ 
assodated with the negative peak and V* the beginning of .thateWn are 
indlviduallyp.ogrammable.Forexample.theoffsetassociatedwrth*e 

10 may be 10%. 
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Inc tnirtive Method: . 
Typically,thehear,ra.evarlabil«ypa«Bmof.heun*«nedsubiec.,sh^2^ 

iar and may resemble random noise. For«,ls,eason,*maybed^ 
,0 detect «,e moments of peaK posiSve and peak negative heart rate «th a 
regulahty that can be discerned and employed by the human subject 
Therefore, «,e present instn««ve method is spedtied to bring a human 
subiectto an initial physktogical/psycholog^al statesuch that the present 
invention may be emptoyed effectively. 

Theheartratevariabilityslgnallsgenerallyconsideredtorepresentthe 

relative balance of sympathetic and parasympathetic nen«x» ^V^J™^ 
reason, ti,e heart rate variabil^ypanem^hlghVlndcativeoft^psy^ 

phystok-gical state of«,e human subiect^ti, this general relationship^an^ 
an^ tension result in incoherence of the heart rate variability pattern, ham»ny 
; andcalmresuftincoherenceoftiieheartratevariabilitypattem. Itisoften 
nlsaryforanunti^nedhum^tsubie^toreduceti^elrtevelofan^e^arid 

tension before an adequately «^erent heart rate variability pattern can be 
detected and used effectively for specifying whentolnhale and whento 

exhale. Thistension and anxiety^mosteasily assessed and r^=«-- 

30 applK:a«onofelec.romyographic(EMG)andelec..oencephato^^rephjc(^^^ 

btofeedbackmethods and apparatus as tension and anx»lyfolte««,« 

general relationship wHh EMG and EEG: 
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EMG: as tension and anxiety increase, muscle activation increases with a 
resultant increase in measured voltage. 

EEG- as tension and anxiety increase, brainwaves in the high beta bands 
(frequencies between 19 Hertz and 33 Hertz) increase in amplitude. 

Therefore, to bring the human subject to an adequate state of coherence of 
the heart rate variability pattern, the following steps are specified: 

Step 1 • The human subject is asked to position themselves comfortably in a 
chair in an upright posture. The apparatus of the present invention is 
connected to the subject and the coherence of the heart rate variability signal 
or lack thereof is established. If the signal is not adequately coherent to 
effectively detect positive and negative heart rate peaks, an 
electromyographic measurement device is placed on the skin just over the 
major muscle of the jaw on either side of the face in the general viamty of the 
superficial portion of the masseter muscle. The electrical signal resulting from 
this tension is presented to the subject using electromyographic apparatus. 
The subject is requested to consciously relax this area as deeply as possible. 
After the subject has demonstrated the ability to reduce the tension in this 
area to an acceptable level, the present invention is once again applied and 
coherence of the heart rate variability is once again assessed. If adequate 
coherence is detected, the human subject is asked to spend some time 
consciously examining the relationship between tension in the area of the 
masseter muscle and the coherence of their heart rate variability signal as 
indicated by the regularity of biofeedback indications to inhale and exhale. If 
adequate coherence Is detected, the subject is asked to begin following 
biofeedback cues to inhale and exhale accordingly. 
Step 2: If an acceptable EMG signal is achieved during the prior step but an 
adequately coherent heart rate variability is still not detected, an 
) electroencephalograph is employed using conventional electrode placement. 
The subject's high beta brainwave bands are monitored, and feedback is 
provided The subject is first asked to consciously lower the amplitude of high 
beta frequences centered around 26Hertz. This process is aided via helpful 

suggestions by the practitioner. When the subject has achieved an 
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adequately low amplitude in this frequency t«nd, the apparatus of the present 
invenson « applted and the coherence of the heart rate variabil«y signal is 
assessed If adequate cohe.«Ke is detected, the subject is requested to 
examine the relationship between their beta amp«tude and their heart rate 

5 variability signal. ,f adequate coherent is detected, the subject is requested 
,0 begin following biofeedback cues to inhale and exhale accordingly. 
Step 3. If an acceptable EEG in the 26He,tz band is achieyed but an 
adequately coherent heart rate variability is still not detected, (he same 
process is repeated for the next lower beta band centered around 20 Hertz. 

10 step4:Bytheendofthisprocess,thesubiect«llmostlikelyachieve 

adequate coherence Of heart rate variability as detected by the apparatusof 
tt« present inven«on. once th« is achieved, the subject is requested to begrn 

following biofeedback cues to inhale and exhale accordingly, 
once the human subject has become proficient in establishing and 
15 m^ntainingthedesiredcoher«nceofheartratevariat»lity,inp.frK.ple,the 
apparatusmaybeutillzedwheneverandwhereverthesubjectdes,.es. Itrs 
assumed that the apparatus is fully capable and of a size making rt fully 

avtntat this is an emerging sew of investigation, ilis highly «kelylhat ttv«^^ 
20 befbundthatotherphysiologicalandpsychologicalfunctionscanbe 

enhanced by synchroniang them with this fundamental bionesonance. For 
example synchrontotion of running, walking, cycling, talking, exercsing, 
thinking, medita«ng, etc. Those skilled in the art will recognize Improvemen^ 
and modKicationstothepreffened embodiments of the present invention^ Wl 
25 suchimpmvemen.sandmodificationsareconskleredwithinthescopeof.he 

concepte disclosed herein and the claims mat folkiw. 
Claims 

What is dairtKd is: 
30 1 Amethodfora,nsdouslysynchronizingmebreathingcyde^^ 

■ subject with the natural heart rate of the subject corr^prising the steps of. 
a) monitoring the subjects heart rate and providing a first 

biofeedback signal to the subject when the subject's heart rate 
has reached a maximum rate; and 



